Background: It is well known that renal cell carcinoma (RCC) represents one of the most immune-responsive cancers. Although the lack of defined antigens in RCC has hindered more specific vaccine development, research regarding vaccination therapy has been of special interest for the treatment of RCC for more than 30 years.
Renal cell carcinoma (RCC) is the most common type of kidney tumours in adults, responsible for B80% of cases. It is well known that where the tumour is confined to the renal parenchyma, the prognosis is relatively good and 5-year survival rate is 70-80%. In such cases, initial treatment is most commonly a radical or partial nephrectomy and remains the mainstay of curative treatment (Rini et al, 2008) .
In the era of molecular targeted agents, new immunotherapy trials such as vaccination with tumour lysate, loaded autologous dendritic cells have shown some benefits, although the complicated procedures of dendritic cell vaccine and its low response rates have hampered the wide prevalence of dendritic cell treatment. So far, a large number of tumour-associated antigens and their peptides recognised by MHC class I-restricted cytotoxic T lymphocytes (CTLs) have been identified in various malignancies (Kawakami et al, 1994a,b; Fisk et al, 1995; Robbins et al, 1996; Correale et al, 1997) and used in clinical trials (Finn and Lotze, 2001; Slingluff et al, 2001; Ramanathan et al, 2005; von Mehren, 2005) . In search for RCC-associated antigen peptides available to induce CTLs, we have also identified three carbonic anhydrase 9 (CA9) antigenderived peptides and have shown their ability to induce human leukocyte antigen (HLA)-A24-restricted, CA9-specific CTLs (Shimizu et al, 2003; Uemura et al, 2006) .
Similarly, peptide vaccine therapy has been attempted since the identification of epitope peptides. However, because of their minimal clinical responses, several mechanisms of immune evasion of tumours have been implicated as issues to improve cancer immunotherapy. For instance, the antitumor effect of CTLs induced by peptide vaccine was suspected to be inhibited because of tumour cell heterogeneity, and also the downregulation or loss of HLA or antigen proteins (Khong and Restifo, 2002; Ryschich et al, 2005) . The vascular endothelial growth factor receptor 1 (VEGFR1) peptide is an immunogenic peptide derived from VEGFR1 restricted with HLA-A2 and A24, which are common HLA-A allele in Japanese population. VEGFR1 is an important factor in tumour angiogenesis (Shibuya, 1995; Dvorak, 2002; Li et al, 2002) and in the growth of RCC. In this study, a phase I clinical trial of VEGFR1 peptide vaccines was carried out in patients with metastatic RCC (mRCC) to assess toxicity, induction of immune responses and clinical usefulness.
PATIENTS AND METHODS
Patient eligibility. Patients with mRCC and pathologically confirmed clear cell carcinoma were candidates for this study. All patients had progressive disease after standard cytokine therapy, such as IL-2 and/or IFN-a and molecular targeted therapy (sorafenib and sunitinib). Patient eligibility included the following: HLA-A2 and/or A24 positivity; age 20 to 80 years; an Eastern Cooperative Oncology Group performance status of 0 or 1; granulocyte count X3000 per mm 3 ; haemoglobin X10 g dl À 1 ; platelets X100 000 per mm 3 ; bilirubin and creatinine equal to or less than the institutional normal limits; life expectancy X12 weeks; measurable or evaluable disease; no immunotherapy, chemotherapy or radiotherapy within 4 weeks (washout for 4 weeks); and negative serological tests for hepatitis B, hepatitis C and HIV. Patients with serious illness or an active secondary malignancy were excluded. Other exclusion criteria also included existence of immunosuppressive or autoimmune disease, or receipt of immunosuppressive agents (e.g., steroids). All patients were informed of the investigational nature of the study, and signed informed consent in accordance with the institutional guideline was obtained. This study was approved by the Kinki University institutional review board, and all subjects provided written informed consent before commencing study-related procedures. Each patient underwent a complete pretreatment clinical evaluation, including a clinical history, physical examinations with assessment of performance status, laboratory studies, and measurements of radiographic studies. Peptides. The good manufacturing practice (GMP)-graded VEGFR1-770 peptide restricted with HLA-A0201 (TLFWLLLTL) and the GMP-graded VEGFR1-1084 peptide restricted with HLA-A2402 (SYGVLLWEI) were synthesised by the American Peptide Company (Sunnyvale, CA, USA) according to a standard solidphase synthesis method and were purified by reversed-phase highperformance liquid chromatography. Human leukocyte antigen-A0201-restricted CMV peptide (NLVPMVATV) and HIV peptide (ILKEPVHGV), and HLA-A2402-restricted CMV peptide (QYDP-VAALF) and HIV peptide (RYLRDQQLL) were used for CTL response measurements.
Study design and treatment protocol. This study was a nonrandomised, open-label, phase I clinical trial with dose escalation of the VEGFR1-770/1084 peptide for patients with mRCC. Two VEGFR1 peptide vaccines were derived from VEFGR1 restricted with HLA-A0201 or A2402. In this study, the patients were administered either HLA-A0201-restricted peptide or A2402-restricted peptide. The primary endpoint of this trial was the safety of vaccination. The secondary endpoints were immunological responses, clinical outcomes, and the determination of the 
optimal dose of peptide. The dose was escalated as 0.5, 1.0, and 3.0 mg per body of the vaccinated peptide. The washout period of the previous treatment was 4 weeks. The VEGFR1 peptide vaccine was emulsified with incomplete Freund's adjuvant (Montanide ISA-51VG; Seppic, Paris, France) and subcutaneously administered into the site of the upper arm on days 1, 8, 15, and 22 in a 28-day treatment cycle. After one course of treatment, the safety of the peptide was evaluated (Figure 1 ). If the patient was evaluated favourably, the administration of VEGFR1 vaccine was continued every 2 weeks until death, intolerance, marked disease progression, major violations, or patients' withdrawal of consent.
Clinical assessment. All patients were followed up until death due to disease, intolerance, or self-withdrawal. Toxicity assessments were done at least every 2 weeks using the National Cancer Institute Common Terminology Criteria for Adverse Events v3.0. Clinical and laboratory assessments were checked at each visit. Clinical outcomes included assessment using CT scanning, magnetic resonance imaging, bone scintigram, or X-ray examination in accordance with the WHO Response Evaluation Criteria in Solid Tumors (RECIST). Radiological evaluation was performed at 2 to 4 weeks after one course of vaccination and every 3 months thereafter. Overall survival (OS) was estimated from the date of the initial vaccination to the date of death using the Kaplan-Meier method.
Immunological monitoring. To measure CTL responses against peptide, an enzyme-linked immunospot (ELISPOT) assay was performed. The detail method of our ELISPOT assay was described elsewhere (Miyazawa et al, 2010; Okuno et al, 2011) . Peripheral blood mononuclear cells (PBMC) were obtained from patients at pre-and post vaccine treatment at the end of each course, and then frozen and stored in liquid nitrogen until their use. The frozen PBMCs derived from the same patient were thawed at the same time, cultured with respective peptide and IL-2 (Novartis, Emeryville, CA, USA), and were collected after 2 weeks. Following CD4 þ cell depletion, IFN-g ELISPOT assay was performed with peptide-pulsed or HIV-pulsed (as the control) HLA-A0201-positive T2 cells (ATCC, Rockville, MD, USA) and HLA-A2402-positive TISI cells (IHWG Cell and Gene Bank, Seattle, WA, USA) using the Human IFN-g ELISpot PLUS kit (MabTech, Cincinnati, OH, USA) and the MultiScreen-IP 96-plate (Millipore, Bedford, MA, USA). The plates were analysed by the automated ELISPOT reader, ImmunoSPOT S4 (Cellular Technology Ltd, Cleveland, OH, USA). All ELISPOT assays were performed in triplicate. The number of peptide-specific spots was calculated by subtracting the spot number in the wells of the control cells from that in the well with the peptide-pulsed T2 or TISI cells. The peptide-specific T-cell response was classified into four grades ( À , þ , þ þ , and þ þ þ ) according to the algorithm flowchart described in our previous report (Kono et al, 2012) . Sensitivity of our ELISPOT assay was estimated as an approximately average level among participating laboratories in the ELISPOT panel of the Cancer Immunotherapy Consortium in 2009 and 2011. Peptide-specific CTL precursors in PBMCs were detected using IFN-g release assay as previously described Maeda et al, 2002; Suzuki et al, 2002) . The data were considered positive (specific CTL induction) when the level of IFN-g production in response to each corresponding peptide was significantly higher (Po0.05) than that in response to HIV control peptide. All experiments were performed in four different wells and in duplicates.
RESULTS

Safety.
The overall toxicity of the 18 patients is summarised in Table 2 . No patient showed any toxicities of grade 3 or greater. Of the 18 patients, 10 patients developed grade 1 or 2 local skin reaction at the injection sites with induration, redness, and swelling. Four patients experienced grade 1 fever but no medication was required. Grade 1 fatigue was observed in one patient with HLA-A2-restricted peptide vaccine. Grade 1 headache was noted in one patient with HLA-A2-restricted peptide vaccine and three patients complained of rashes, which were resolved without any medications. In this study, no case revealed any vascular adverse events, such as hypertension, bleeding, and thromboembolism, and no hepatic or renal toxicities were also found during vaccination. In addition, no dose-limiting toxicities were observed in this trial.
Cellular immune responses.
The positive CTL responses after the first course of vaccination were found in five of the six patients (83%) receiving 0.5 mg per body vaccination, five of the six patients (83%) receiving 1 mg per body, and three of the six patients (50%) receiving 3 mg per body, respectively (Table 3) . Two patients were not evaluated on CTL induction. Overall, of the 18 patients, 15 patients (83%) who received at least one course of vaccination revealed positive CTL responses. Peptide-specific delayed-type hypersensitivity reactions were observed in six patients. The representative data from the IFN-g ELISPOT assay and CTL responses in the patient who received peptide vaccine derived from VEGFR1 restricted with HLA-A2 before and after the treatment are shown in Figure 2 .
Clinical outcomes. Of the 18 patients, 2 patients showed a partial response (PR) during treatment (Table 3) . One of the two PR patients, who had multiple metastases in lung and regional lymph nodes, showed shrinking of pulmonary lesions and maintained PR for 5 months ( Figure 3A) . However, this patient developed pancreas metastasis and died of cancer 18 months after initiation of vaccine treatment. The rest of the two had multiple bone metastases resistant to IL-2/IFN/sorafenib treatment. This patient achieved PR with shrinking of the bone metastatic lesions, which were evaluated with both CT scan and bone scintigram, and, at present, is stable continuing vaccine treatment for 36 months ( Figure 3B ). Stable disease for more than 5 months was observed in eight patients with a median duration of 16.5 months (4-32 months). The remaining eight patients had no clinical responses. At the time of the analysis in this study, 12 patients died due to RCC and 6 patients were alive with a median follow-up of 30 months (26-36 months). Median OS of the patients with the HLA-A2-restricted peptide was 85 weeks and that of those with HLA-A24-restricted peptide was 45 weeks. The entire OS curve is shown in Figure 4 , indicating a median OS of 70 weeks.
DISCUSSION
Renal cell carcinoma is the most common type of kidney tumours in adults, which accounts for 2-3% of all adult cancers, and B20-30% of patients present with metastatic disease. Although a radical or partial nephrectomy is the primary curative therapy for patients with localised RCC, the prognosis for patients with advanced mRCC is poor, with a 5-year survival rate of o10% (Schrader et al, 2006) . As RCC is one of the most immunoresponsive cancers in humans, immunotherapy remains a basis of promising treatment strategies. Until recently, the standard therapy for mRCC has been cytokine-based immunotherapy with IL-2 and/or IFN-a with only few durable complete remissions. Recently, molecular targeted agents, such as TKIs and mTOR inhibitors, have been introduced to the treatment of mRCC, which have improved the outlook for mRCC in clinical responses, especially in progression-free survival. However, they have not yet demonstrated improved OS remarkably. Under these circumstances, several clinical trials of peptide-based vaccine treatment Best clinical response Survival
Abbreviations: AEs ¼ adverse events; CD ¼ cancer death; CTL ¼ cytotoxic T lymphocyte; DTH ¼ delayed-type hypersensitivity; ND ¼ not determined; PD ¼ progressive disease; PR ¼ partial response; SD ¼ stable disease. have been done in recent years. The RCC vaccines are explored in metastatic and adjuvant settings. To date, they are clinically effective only in a minority of patients and, generally, are still considered experimental. Much attention has been given to CA9 that is overexpressed in B90% of all RCC types.
In addition to CA9-derived peptides, several new RCCassociated antigens and derived MHC class I-restricted ligands were recently introduced in some clinical trials (Iiyama et al, 2007; Suekane et al, 2007; Patel et al, 2008) . Recently, Walter et al (2012) reported the outcomes of phase I/II clinical trials using multiple tumour-associated peptides (TUMAPs) called IMA901. They treated a total of 96 HLA-A02-positive patients with mRCC with IMA901 in two consecutive studies. In the phase I study, they showed that the T-cell responses of the patients to multiple TUMAPs were associated with better disease control. The randomised phase II trial demonstrated that a single dose of cyclophosphamide administration before IMA901 immunotherapy reduced the number of T-regulatory cells and confirmed that immune responses to multiple TUMAPs were associated with longer OS. A randomised phase III study to determine the clinical benefit of treatment with IMA901 is now ongoing (NCT 01265901). IMA901 multipeptide vaccine is considered one of the most available peptide vaccines in practical clinic, such as sipuleucel T, in the near future.
Vascular endothelial cells have crucial roles in the growth and progression of tumours and stably express HLA molecules. Vascular endothelial growth factor receptor 1, which is a functional molecule associated with neovascularisation, is highly expressed in newly induced tumour blood vessels, but not in normal vessels. It is an important factor in tumour angiogenesis (Shibuya, 1995; Dvorak, 2002; Li et al, 2002) and in the growth of RCC. The VEGFR1 peptide we used in this study is an immunogenic peptide derived from VEGFR1 restricted with HLA-A2 and A24, which are common HLA-A allele in the Japanese population. In this study, we administered peptide vaccines in a dose-escalation manner (0.5, 1.0, 3.0 mg per body, respectively). The primary endpoint was to evaluate the safety and toxicity of VEGFR1 peptide vaccination. All patients had only minor adverse events and, therefore, this vaccine treatment is considered well tolerated and acceptable for mRCC patients. One of the secondary objectives of this investigation was to evaluate vaccine-induced specific immune reactions. As a result, the specific CTL responses against the vaccinated peptide were observed in 15 (83%) of the 18 patients, clearly demonstrating that CTL against VEGFR1 could be induced by a vaccination of the VEGFR1 peptide, although no obvious correlations of CTL responses and clinical outcomes were found in this study. A similar result is shown in patients with advanced gastric cancer (Masuzawa et al, 2012) . Further investigations are required to confirm this problem, because a relatively small number of patients (n ¼ 18) was enroled in this phase I study. The other secondary endpoint was the determination of the optimal dose of peptide. The specific CTL responses against the peptide were observed equally in 0.5, 1, and 3.0 mg peptide group, respectively, and no dose-limiting toxicities were found in this study. On the basis of these results, 3 mg of peptide vaccine may be safe and available in future clinical trials. Clinically, two patients showed a clinical response during treatment. One of the patients who has PR with multiple bone metastases, who was evaluated with both CT and bone scan, was considered to have PR according to RECIST v1.0. When RESIST v1.1 was used for evaluation, this patient was not considered to have PR, because apparent reduction of soft tissue metastases in bone is needed not only for bone scan but also for CT scan. However, the patient is stable and is continuing the vaccine treatment. Therefore, we evaluated the patient who achieved PR as shown in Figure 3B . Stable disease for more than 5 months was observed in eight patients, with a median duration of 16.5 months (4-32 months). The remaining eight patients had no clinical responses. As a result, 12 patients died due to RCC and 6 patients remained alive, with a median follow-up of 30 months (26-36 months) so far.
In conclusion, treatment of mRCC patients with VEGFR1 peptide vaccines was well tolerated, and induction of antigenspecific immunity was observed in two-thirds of the patients. In the era of molecular targeted therapy, the observed clinical outcomes of the peptide vaccine therapy in this study are encouraging. Further well-designed clinical trials, including optimally selected patients, will be required in the use of peptide vaccines for mRCC.
